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Abstract: This study proposes construction of a synthetic indicator to measure progress toward the
objective of economic and social cohesion among the regions of Spain, Greece, Ireland and Portugal
within the framework of European Community Regional Policy and the spatial disparities among
these countries. Our aim is to integrate, in a single indicator, a large number of variables defined by
the European Commission to monitor improvements in regional development, classified according
to the objectives of the Europe 2020 Strategy to promote smart, sustainable and inclusive growth.
To achieve this goal, we use the Pena distance method for the year 2013.
Keywords: spatial disparities; economic and social cohesion; economic development; European
Union; Lisbon strategy; regional policy; synthetic indicator
1. Introduction
Since its creation with the Treaty of Rome, the European model of economic integration has
become a model to be fulfilled as new countries are incorporated [1]. Integration is not, however,
a process designed from the outset to materialize immediately or according to a single plan, rather,
it must be based on concrete achievements in stages that begin by creating de facto solidarity among
European Union (EU) countries [2].
Although the first antecedents of Community Regional Policy on integration are articulated
in the preamble of the Treaty of Rome, which recognized the need to reduce inequalities among
European countries and regions [3] and began formally in 1975 after the accession of Ireland, this policy
did not reach its present dimension until decade’s later [4]. The policy has thus developed from its
original goal of reducing regional economic disparities, measured essentially in terms of gross domestic
product (GDP) per capita of the Community territories, into a broader concept of economic and social
cohesion [5].
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Since the 1990s, a series of rural development aid programs (Leader Approach) has been
implemented in European rural areas in order to solve the demographic, social, and economic problems
that rural areas experience [6]. This road has not been easy, and EU member states must again join forces
to clarify the unresolved questions about the future of the EU, especially with regards to promotion of
economic and social cohesion within its territory [7]. To this end, the European Regional Policy was
proposed as a strategic investment aimed at all EU regions and cities to boost economic growth and
improve EU inhabitants’ quality of life [8]. More specifically, the main objective of this policy is both
to promote the progress of less-developed areas [9] and to provide complementary support to social
groups less favoured by the integration process [10].
More recently, the Regional Policy has contributed to developing research and development and
innovation (R & D & I), an EU priority since the Lisbon Strategy for growth was launched in 2000 [11].
Although conceived within the framework of this community project as the “largest solidarity operation
between countries in history”, the measures proposed in the Strategy are conditioned by the limited
resources of the Community budget [12].
From a historical point of view, the minimal resources of Community finances relative to the GDPs
of all member states have not encouraged further deepening of European integration, as evidenced as
early as the MacDougall Report for a Community of nine Member States [13]. Subsequently, the Sapir
Report [14] states that, due to lack of resources, the Community’s budget cannot be the determining
factor for economic growth and employment creation in the EU in the future. Further, the EU is
committed to extensive restructuring of its expenditure items, prioritizing issues such as solidarity
among territories.
We develop our study within this conceptual framework. Its goal is to construct a synthetic
indicator that complements the European Commission’s classification of the regions to receive more
or less funding, which is based solely on the criterion of GDP per capita. Related research in this
context—covering different areas, variables and/or methodologies—includes recent studies [7,10,15–19].
The territorial scope of analysis in our research is innovative and pioneering in that it focuses on
classifying the regions of Spain, Greece, Ireland and Portugal, the original Cohesion countries. The goal
pursued by creating this synthetic indicator based on a wide group of variables is being able to offer
a measurement of the degree of development achieved by European regions. Said goal is coherent with
the vision of the European regional policy, which considers development as something more than just
economic growth. The synthetic indicator here proposed must be built by taking into consideration
variables relative to the pillars of Europe’s development strategy. The distance method defined by
Pena (DP2) system offers a methodology that is able to aggregate the information provided by a group
of variables. This methodology overcomes a number of problems that are a common characteristic
of other alternative synthetic indicators. Below, the defining characteristics of this indicator will be
explained in detail. However, in order to make it clearer for the reader as of now, the DP2 solves
problems such as the duplicity of information provided by the variables, the aggregation of information
expressed in different units and the weighting of each variable objectively. The result is a single value
that gathers a great deal of information. Moreover, said value is calculated objectively and is useful to
measure more comprehensively the achievements in terms of regional development. The analysis also
identifies the variables that have the greatest impact on the economic and social development of the
regions within the framework of the Europe 2020 Strategy for Growth.
The Cohesion Fund is an EU redistributive instrument whose main goal is to promote
territorial cohesion by financing projects in the Transport and Environmental territorial development
components [20]. In the period 2014–2020, the Regional Policy will be conditioned by the Europe 2020
Strategy of intelligent, sustainable and integrating growth [11]. The new proposals aim to reinforce the
strategic dimension of regional policy and guarantee that the EU’s investment will focus on long term
objectives in matters of growth and labour, setting a series of ambitious objectives in five priority areas:
employment, innovation, education, social integration and climate/energy [11]. Thus, the territorial
differences of the EU might be analyzed not only by taking into consideration the per capita income
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level of each region, but also by using other relevant variables for the regional development [10].
To do so, we extend the approach normally used to measure regional disparities, which includes GDP
per capita only [16]. For Sen [21], resources (GDP or income) only have value to the extent that they
enhance human life.
2. Evolution of EU Regional Policy
Although the principle of solidarity of interests among countries expressed by R. Schuman laid the
foundations of budgetary policy at the start of the European Communities, first-period implementation
of this policy consisted almost exclusively of agricultural expenditure, and Community institutions had
hardly any financial autonomy [22]. According to Fernández [23], Regional Policy reached maturity
after the entrance of Greece (1981), and subsequently Spain and Portugal (1986), including cohesion as
a key objective in the integration processing response to increasing interregional inequalities. The Single
European Act (1987) provided the definitive impetus for Community solidarity strategy, making it
possible for regions to adapt to the Community project, although with greater difficulty [24].
In 1988, the European Council achieved a commitment to double the financial allocation of
the Structural Funds in the period 1988–1993, to reform its operations and to implement the four
basic principles of Regional Policy (concentration, programming, partnership and additionality) [24].
Formally initiated in 1989, EU cohesion policy has since passed through a series of metamorphoses,
while becoming the most financed EU policy and, since then, has shifted into a financial tool to promote
investment for growth and jobs [25], thus becoming one of the priority policies in the EU. In this
sense, population growth should not be allowed to tax the available resources but should enable more
investment to enable a level of higher real capital growth per person. What this means is that if public
and private investment fail to keep pace with the population growth, each worker will become less
productive, stunted at a time when creativity and innovation make essential ingredients for regional
integration to progress [26].
At the same time, another important contribution is research considering a more complex approach
to regional disparities based on more indicators offering complementary information [27], as this study
has set in line with previous ones [10]. Natural resources, income, infrastructure, health, poverty,
infant mortality, child nutrition, inequality, among others, and social cohesion combined explain the
socio-economic development of a region and society [28].
Medeiros [25] proposes a new set of priorities for the EU cohesion policy revolving around
territorial cohesion. They include: green economy, balanced territory, social cohesion and good
governance. Thus, they revolve around closer integration of the EU territory and stronger foundations
for sustainable development [29]. It is thus necessary to identify the areas in which budgetary efforts
should be concentrated to increase the impact of the European Cohesion Policy on the goal of economic
and social convergence of the regions [30].
The financial resources of the Structural Funds were thus strengthened and the Cohesion Fund
established in 1993 to support economic convergence under the Delors II package and implementation
of the Maastricht Treaty. This new fund was intended to co-finance infrastructure and environmental
projects in countries with a GDP per capita of less than 90% of the EU average: Spain, Greece, Ireland
and Portugal, as detailed by Holgado [31]. The role of the infrastructure is key, transportation is
generally perceived as a catalyst for economic development [32].
Subsequently, the “major enlargement” of the EU with countries in Central and Eastern Europe in
2002 was a turning point in the growing role of economic and social cohesion during the 2000–2006
programming period [33]. Finally, the Lisbon Treaty, signed by the heads of state on 13 December 2007
(effective 1 December 2009), reaffirmed the priority of reinforcing economic, social and, in a new way,
territorial cohesion [34].
Of the three objectives, Objective 1 covered the less-developed regions, whose GDP per capita was
less than 75% of the Community average and which absorbed most of the financial resources (two thirds
of the Structural Funds). Objective 2 covered the regions that exceeded the 75% threshold. Objective
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3 aimed to support the adaptation and modernization of policies and of the education, training and
employment systems. The programming period 2007–2013 brought significant changes in Community
Regional Policy through the Goteborg agreements [34] and the renewed Lisbon Strategy. One of the
main developments was replacement of Objective 1 with the Convergence Objective, which finances
the poorest regions, those with a GDP per capita of less than 75% of the EU average. The Convergence
Objective also provisionally included regions affected by the statistical effect (phasing-out), that is,
regions below the threshold for the EU-15 rather than the EU as extended by successive enlargements.
The remaining regions were included in the new Regional Competitiveness and Employment Objective,
which replaced former Objectives 2 and 3 for 2007–2013, and whose budget allocation aimed to finance
promotion of innovation, entrepreneurship, protection of the environment, accessibility, adaptability
and development of the labour market [35].
Finally, the Europe 2020 Strategy defines the Cohesion Policy objectives for the current period
2014–2020 [36]. It is a growth strategy aimed at achieving an intelligent, sustainable and inclusive
economy. These three priorities mutually reinforce each other to help the EU and its member states
generate high levels of employment, productivity and social cohesion [37]. The growth and job creation
target for 2014–2020 concentrates European funds on the Convergence Objective, which covers the
least-developed regions, defined as those whose GDP per capita is below 75% of the EU average.
In parallel, a new category was re-established for regions no longer eligible for the Convergence
Objective but whose GDP per capita did not exceed 90% of the average (termed “Regions in Transition”)
in order to prevent them from being harmed by the sudden reduction in European funds.
At present, the 28 countries of the European Union are composed of a total of 276 regions,
according to the Commission’s statistical classification derived from the Nomenclature of Territorial
Units (NUTS) [2]. According to the GDP per capita indicator, the region with the highest value in
purchasing power parity in 2014 was the UK’s Inner London, at 148,000 euros per inhabitant/year.
The region with the lowest value was Severozapaden (Bulgaria), with 8200 euros per inhabitant/year.
This great disparity between two Community regions clearly justifies the need to supplement the
process of economic integration and enlargement of the Union with measures to promote economic
cohesion among territories. To address this need, following this introduction and explanation of the
statistical method applied, our study provides a synthetic indicator of a set of variables defined by the
European Commission [8,38] to measure progress in regions’ economic and social cohesion. Before the
paper’s conclusion, we provide a measure of the most significant variables that determine this progress
in order to enable prioritization of financial resources in the corresponding areas to achieve better
results in the most disadvantaged regions. To achieve this goal, we use the Pena distance method for
the year 2013.
3. Materials and Methods
To achieve our research goals, the distance method defined by Pena (DP2) [39] and expanded by
Zarzosa [40] and Somarriba [41] is used to develop the synthetic indicator. This technique has been
widely used in similar work on development, well-being and quality of life at regional and national
level [18,25,42–55].
The indicator developed by this method enables comparison between the regions studied based
on the information provided by a set of variables [56]. It produces a territorial ranking according to
the objective to be measured—in our case, level of economic and social development achieved by
European regions for the year studied, incorporating a large number of variables. This indicator has
the advantage of solving a large number of problems [43]—such as aggregation of variables expressed
in different measurements, arbitrary weighting and duplication of information [41,54]. To obtain
synthetic indicators, Somarriba and Pena [43] compare the DP2 indicator to other methods, such as
principal component analysis and data envelopment analysis (DEA).
So, DEA has some limitations. It involves subjectivity in choice of the partial indicators [43],
does not fulfil the principle of uniqueness and monotony, and does not maintain the variance with
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changes of origin and/or scale in the units of measure [57,58]. The principal component analysis
also fails to fulfil some mathematical properties, not only of uniqueness and monotony but also and
especially of neutrality, properties verified in the DP2 method [40,49]. For an exhaustive study of the
DP2 indicator and its properties, see [10,16,18,39–42,46,48,50,54–56,59,60].











with R21 = 0, where di = di (r∗) = |xri − x∗i| with the baseline, which coincides with the minimum vector,
and where: n is the number of variables, xri is the value of the variable i in region r, and σi is the
standard deviation of variable i.
R2i,i−1,i−2,...,1
R2i,i−1, . . . ,1 is the coefficient of determination in the regression of Xi over Xi−1, Xi−2, . . . , X1,
which is already included. This coefficient measures the part of the variance of each variable explained
by the linear regression estimated using the variables defined above [49]. The factor (1 − R2i,i-1, . . . ,1)
is a “correction factor” [39] that avoids redundancy by eliminating from the partial indicators the
information already contained in the preceding indicators [61]. The synthetic indicator thus includes
only the new information for each variable [59]. The calculation of the DP2 indicator is iterative. In this
process, the entry order of the variables is determined by the amount of information they provide to
the measurement in question. The proposal of Pena consisted in ranking the variables hierarchically by
their absolute coefficient of correlation with the synthetic indicator in descending order. This process
should begin with an initial solution: the given that each variable is correlated amongst themselves.
Thus, the correction factors would assume a value of 1 in each case, given that R2i, i−1, i−2, ..., 1 equals
zero. The result of this process is the Frechet Index, which represents the maximum value that the DP2
indicator can take for every country. From this step onwards, the variables are ranked according to
their correlation with the Frechet Indicator, from most to least correlated. Once the synthetic indicator
has been calculated, the variables are ranked once again, according to their degree of correlation with
it. This process continues until the indicator reaches convergence.
The DP2 indicator fulfils the properties desirable in a synthetic indicator, as demonstrated by
Zarzosa [40,47], Pena [56], Cuenca [45] and Zarzosa and Somarriba [18]. The ordering of the variables
in the DP2 method corresponds to their relative importance, measured in terms of linear correlation
with the final synthetic indicator. The baseline in this study coincides with the minimum vector of the
year of study. The synthetic distance indicator designed to compare regions must be invariant relative
to the reference base taken for each region, such that it is the same for all regions [40]. We thus take as
reference base the value of a fictitious region that would be generated by the lowest values observed
for the variables used [16] and associated with study of the objectives of the Europe 2020: A strategy
for smart, sustainable and inclusive growth [11] (Table 1).
The DP2 method is defined as a synthetic indicator that aggregates the information contained in
a set of variables. Following the objectives of this study, the variables selected for the research were
taken from the EU’s Economic and Social Cohesion Reports [8], classified according to the objectives of
the Europe 2020 Strategy [11]. As in the case of the “Lisbon Agenda”, the excellent options contained
in the Europe 2020 strategy have to a very great extent conditioned the design of regional and cohesion
policy for 2014–2020 [38].
To measure progress at sub-national levels, we dropped from the European Statistical Office
(Eurostat) portfolio of cohesion those indicators lacking unbundled and updated information at NUTS
level 2. Our study includes a total of 15 indicators, distributed among six dimensions, following
the Europe 2020 Strategy: Research and Development; Competitiveness and Business Environment;
Education; Transport; Environment; and Social Inclusion, Poverty and Health (Table 1). The variables
that contribute negatively to the objective of economic and social development when integrated into
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the synthetic indicator were multiplied by (−1). A higher value of DP2 thus shows greater distance
from the least desirable theoretical framework, represented by a minimum value in the set of partial
indicators considered as associated with the Europe 2020 Strategy. This minimum would be attributed
a value of zero in the synthetic economic and social development indicator [18].










Research & Experimental Development expenditure as % of
GDP 2013
Patent applications to the European Patent Office per million
of active population (average 3 years) 2010–2012
Competitiveness and
Business Environment
GDP in Purchasing Power Standards per inhabitant 2013
Unemployment rates (15 years or over) (- sign) 2013
Difference between unemployment rates of females and males
(- sign) 2013
Employment rates of age group 20–64 2013
Employment rate difference between females and males of age
group 20–64 (- sign) 2013
Unemployment rates of young people (15–24) (- sign) 2013
Education
Tertiary educational attainment of age group 25–64 (%) 2013




Transport Victims in road accidents per million inhabitants (- sign) 2013
Freight transported by road by region of loading (Tm/Km2) (-
sign)
2013





People at risk of poverty or social exclusion (- sign) 2013
Life expectancy at birth 2013
The reference year for the data was either 2013 or, in its absence, the nearest available year. We chose
the year 2013 for analysis because it marked the end of a Common Regional programming period.
The programming period 2007–2013 has seen substantial changes in concentration, programming,
co-participation and additionality (CRP) due to the Lisbon and Goteborg agreements and the Renewed
Lisbon Strategy (RLS) [25]. Finally, to establish an order or hierarchy based on the amount of information
that each indicator contributes to the DP2 in our method [46], we construct the Ivanovic discrimination







∣∣∣∣∣∣x ji − xliXi
∣∣∣∣∣∣,
where: m is the number of regions.
His measure, analyzed by Zarzosa [40], between 0 and 2, these values correspond to the two
extreme theoretical cases as regards discriminant power. If a variable takes the same value for all
countries, DC equals zero, indicating that this variable holds zero discriminant power. By contrast,
if a variable only has a value other than zero for one country (and in the remainder, m − 1 is equal to
zero), DC is equal to two and the variable has full discriminant power [59].
It is best to select the variable that provides the most discrimination between regions in terms
of the partial indicators [18,61]. As mentioned above, if a variable discriminates totally, with a value
of two in the coefficient, it provides very important information and will be useful to explain the
differences in the level of objectives in the Europe 2020 Strategy attained in the territories studied
(Table 1).
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4. Results
The synthetic indicator DP2, constructed from the partial indicators included in Table 1, enables
classification of the regions of Spain, Greece, Ireland and Portugal according to their degree of economic
and social development. The result is shown in Tables 2 and 3, which ranks the 41 regions from best to
worst, as mentioned above. In this context, we must indicate that, for the period 2007–2013, of a total
of 347,410 million euros in current prices, the European Cohesion policy (Structural and Cohesion
Funds) granted Spain aid of 35,217 million euros in current prices; Greece 20,240 million; Portugal
21,511 million and Ireland 901 million [63].
On the other hand, in 2013, Spain’s GDP per capita registered 95% of the EU average,
with a negative evolution from the beginning of the programming period, 2007. Greece and Portugal
had the same value, 75% of the EU average in 2013, also with falling values for the GDP per capita
from the start of the programming period. Ireland was situated above the average, with 126% in
2013 [8]. According to our results, the last column of Tables 2 and 3 includes the region’s classification,
taking into account its eligibility in the current Regional Policy programming period (2014–2020)
according to the criterion of GDP per capita.
Three groups are obtained (Table 1):
1. Group 1 = Regions eligible for the Convergence Objective.
2. Group 2 = Regions in transition.
3. Group 3 = More-developed regions.
The resulting classification (Tables 2 and 3) shows, first, a distance of almost 15 points between
the best-positioned (Basque Country) and worst-positioned (Autonomous City of Ceuta) regions in the
year 2013. We used the classification of regions in the 2014–2020 programming period: 1 = Regions
covered by the Convergence Objective; 2 = Regions in transition (Phasing Out); 3 = More-developed
regions. We can thus affirm a relatively high disparity between the regions analysed according to the
values of the variables included in the synthetic indicator (Table 1).
Table 2. Territorial classification. Best and worst region of each of the four countries (2013), according
to indicator of the distance method defined by Pena (DP2) and regional eligibility in the 2014–2020
programming period.
Position Country Region Synthetic Indicator DP2 Regional Eligibility
1 Spain Basque Country 20.48 3
4 Ireland Southern and Eastern 18.33 3
12 Portugal Metropolitan Area of Lisbon 15.39 3
13 Ireland Border, Midland and Western 15.35 3
21 Greece Attica 12.04 3
25 Portugal Algarve 11.35 2
40 Greece Western Macedonia 7.83 2
41 Spain Autonomous City of Ceuta 5.54 3
Source: Author based on Eurostat [64] and European Commission data [38].
Table 3. Territorial classification (2013), according to indicator DP2 and regional eligibility in the
2014–2020 programming period.
Position Country Region Synthetic Indicator DP2 Regional Eligibility
1 Spain Basque Country 20.48 3
2 Spain Chartered Community of Navarre 20.11 3
3 Spain Community of Madrid 19.75 3
4 Ireland Southern and Eastern 18.33 3
5 Spain Catalonia 17.95 3
6 Spain Aragon 17.74 3
7 Spain La Rioja 16.72 3
8 Spain Galicia 16.05 3
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Table 3. Cont.
Position Country Region Synthetic Indicator DP2 Regional Eligibility
9 Spain Castile and Leon 15.89 3
10 Spain Principality of Asturias 15.66 3
11 Spain Cantabria 15.47 3
12 Portugal Metropolitan Area of Lisbon 15.39 3
13 Ireland Border, Midland and Western 15.35 3
14 Portugal Central 14.87 1
15 Portugal Northern 14.70 1
16 Spain Valencian Community 14.08 3
17 Portugal Autonomous Region of Madeira 13.20 3
18 Spain Region of Murcia 12.71 2
19 Portugal Autonomous Region of the Azores 12.15 1
20 Spain Balearic Islands 12.14 3
21 Greece Attica 12.04 3
22 Portugal Alentejo 11.75 1
23 Spain Castile-La Mancha 11.53 2
24 Spain Extremadura 11.50 1
25 Portugal Algarve 11.35 2
26 Spain Canary Islands 11.04 2
27 Greece Crete 11.04 2
28 Spain Autonomous City of Melilla 10.83 2
29 Spain Andalusia 10.43 2
30 Greece North Aegean 10.40 2
31 Greece Central Macedonia 10.39 1
32 Greece South Aegean 10.25 3
33 Greece Epirus 9.65 1
34 Greece Eastern Macedonia and Thrace 9.55 1
35 Greece Thessaly 9.49 1
36 Greece Peloponnese 8.62 2
37 Greece Western Greece 8.51 1
38 Greece Central Greece 8.36 2
39 Greece Ionian Islands 8.05 2
40 Greece Western Macedonia 7.83 2
41 Spain Autonomous City of Ceuta 5.54 3
Source: Author based on Eurostat [64] and European Commission [38].
The average of the synthetic indicator DP2 for the five worst-positioned regions is 7.66 points,
a distance of almost 12 points from the average of the top five regions (19.32 points). This result reveals
a maximum interregional distance of almost 15 points between the first and last region (Tables 2 and 3),
or relatively high regional disparities in the year analysed. The regions ranked highest are those located
mainly in the northeast of Spain (Basque Country, Chartered Community of Navarre, Catalonia and
Aragon), as well as its capital (Community of Madrid). Also among the top five are the southern and
eastern regions of Ireland, home to Dublin and its metropolitan area (Tables 2 and 3). In Portugal,
the first-ranked region is the metropolitan area of Lisbon, in twelfth place (Table 2). In the case of
Greece, however, we must descend to twenty-first place to find the country’s first region, again the
national capital (Attica), in line with the results of Lahusen [65]. The lowest portion of the classification
includes most of the regions of Greece (11 out of 13) and, in last position, the Autonomous City of
Ceuta (Spain).
In intermediate positions, we find several regions of the south-central Iberian Peninsula, Alentejo
and Algarve in Portugal, and Murcia, Castile-La Mancha, Extremadura, Melilla and Andalusia in Spain.
The Balearic Islands and the so-called ultra-peripheral regions (the Azores and Madeira in Portugal
and the Canary Islands in Spain) all show values close to the average of the synthetic indicator (12.85)
(Tables 2 and 3).
The information on eligibility of regions in the current period 2014–2020 (last column of Tables 2
and 3) shows, paradoxically, that two of the ten worst-situated regions no longer belong to the
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Convergence Objective (Autonomous City of Ceuta and South Aegean). Classified as “more developed”,
these territories can only finance 50% of project costs and receive fewer financial resources in overall
terms than the regions covered by the Convergence Objective. Moreover, the regions ranked last in the
classification are four regions of Greece (Western Macedonia, Ionian Islands, Central Greece and the
Peloponnese), identified as “regions in transition” during the period 2014–2020 using the criterion
based on GDP per capita. These regions will thus receive a smaller budgetary allocation and will only
be able to finance a maximum of 60% of project costs, even though they show greater backwardness
if we consider all variables studied (Tables 1–3). Two regions of Portugal (central and northern) in
a relatively high position (fourteenth and fifteenth, respectively, of a total of 41) will receive funds
under the 2014–2020 Convergence Objective, although they ranked higher than six regions included in
the “more-developed” group.
In conclusion, the results of the synthetic indicator DP2 reveal deterioration in the economic and
social development of some regions during the previous programming period 2007–2013, even though
these regions were either classified as “in transition” or completely excluded from the Convergence
Objective. At the same time, while ranked among the last ten positions, Greece’s South Aegean was
excluded from the Convergence Objective and continues to be included among the more-developed
areas in the current period 2014–2020. The case of the Autonomous City of Ceuta is also worth
noting. It is ranked last and was chosen as a phasing out region between 2007 and 2013 but included
“as an exception” in the group of more-developed regions during the 2014–2020 budget framework.
Finally, other cases with strikingly low rankings (Tables 2 and 3) are the Greek regions of South
Macedonia (fortieth) and Central Greece (thirty-eighth), both chosen as regions in transition for
2014–2020 and even included among the more-developed regions in 2007–2013.
4.1. Discriminatory Power of the Variables
In this section, we use the results of the DC to identify which variables provide the most
information in the final result of the synthetic indicator. Table 4 presents the values of the coefficient,
which represents the discriminating power of each partial indicator included. If we analyse the
results obtained in 2013 for the variables with the greatest inequality in interregional values, the most
discriminating variable is “Difference between unemployment rates of females and males”, included in
the Competitiveness and Business Environment dimension. The second-most-discriminating variable
is “Freight transported by road by region of loading (Tm/Km2)”, which is related to the volume of
commodities generated by the regions.
Another of the most informative variables is “Employment rate difference between females and
males of the age group 20–64”. These results show relatively significant differences between regions in
an area important to the economic and social development of a territory, gender equality in the labour
market [66]. When compared to other studies, such as Rodríguez [16] and Holgado [25], this indicator
shows increasing power of discrimination among the variables generally associated with employment
and unemployment.
In third and fifth place are two variables associated with research and experimental development.
The first reflects research results (“Patent applications to the European Patent Office (EPO) per million
of active population”), and the second, resources invested in research development and enhancement
(“Research & Experimental Development expenditure as percentage of GDP”) (Table 3). It is also
worth stressing that two variables related to education and unemployment also have relevant power
of discrimination: “Early leavers from education and training (18–24 years)” and “Unemployment
rates (15 years or over). These results reinforce the need to invest in education to reduce interregional
differences and to drive smart growth, goals also included in the European 2020 Strategy. Finally,
beyond the variables mentioned above, the results confirm that the other partial indicators have
relatively low power of discrimination, with no significant differences in their values among the
41 community regions. As the divergences are not zero (value 0 in the coefficient), we retain these
variables when calculating the synthetic indicator (Table 4).
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Table 4. Order of partial indicators of cohesion by discrimination coefficient (DC).
Position Partial Indicators Ivanovic DiscriminationCoefficient (DC)
1 Difference between unemployment rates of females and males 0.98
2 Freight transported by road by region of loading (Tm/Km2) 0.50
3 Patent applications to the European Patent Office per million ofactive population (average 3 years) 0.43
4 Employment rate difference between females and males of agegroup 20–64 0.34
5 Research & Experimental Development expenditure as % of GDP 0.32
6 Victims in road accidents per million inhabitants 0.24
7 Early leavers from education and training (18–24 years) 0.24
8 Tertiary educational attainment of age group 25–64 (%) 0.21
9 Unemployment rates (15 years or over) 0.14
10 People at risk of poverty or social exclusion 0.11
11 GDP in Purchasing Power Standards per inhabitant 0.10
12 Unemployment rates of young people (15–24 years) 0.08
13 Municipal waste generated per inhabitant (Kg/year) 0.07
14 Employment rates of age group 20–64 0.05
15 Life expectancy at birth 0.02
Source: Author based on Eurostat [64] and European Commission [38].
4.2. Order of the Variables
Table 5 presents the top four partial indicators in the ranking in order of entry of their variables
in the DP2 and their importance in the final indicator, taking into account the absolute values of
the coefficients of linear correlation between the values of the indicator for each region and the
synthetic indicator.
Note that this procedure only eliminates the redundant information [10,43,46]. Variable 1:
“Difference between unemployment rates of females and males” has a correction factor of 1, indicating
that this variable contributes the most useful (new) information in the synthetic indicator’s object of
study (Table 5). The second variable in order of entry is “Patent applications to the European Patent
Office (EPO) per million of active population (average 3 years)”, with a correction factor of 80%.
This means that 80% of the information provided by this indicator is introduced in the measurement of
development of the initial EU-member Cohesion Fund beneficiaries. The next variable in order of entry
is “Research & Experimental Development expenditure as % of Gross Domestic Product”, which retains
~64% of the information, with a high relative importance in the final result of the DP2. These variables
could therefore be used to design specific measures targeted at improving each country’s progress
towards the objectives of the Europe 2020 Strategy in coming years. It is important to emphasize that
one priority of the European 2020 strategy is precisely to promote smart growth through more effective
investments in education, research and innovation [11].
Table 5. The correction factor (1 − R2), which indicates the new information of each partial
indicator incorporated.
Position Partial Indicators Correction Factor (1 − R2)
1 Employment rate difference between females and males of agegroup 20–64 1.0
2 Patent applications to the European Patent Office per million ofactive population (average 3 years) 0.80
3 Research & Experimental Development expenditure as % of GDP 0.64
4 Difference between unemployment rates of females and males 0.61
Source: Author based on Eurostat [60] and European Commission [38].
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That R & D-related variables are among those with the greatest discriminating power and the
greatest correction factor (Tables 4 and 5) indicates that there are still significant disparities in this area
among the regions analysed. In our research, for example, the indicator value associated with number
of patents registered is neither constant nor homogeneous among the areas of Spain, Portugal, Greece
and Ireland analysed.
5. Discussion and Conclusions
This paper develops a synthetic indicator to measure the degree of economic and social
development in the regions of the Cohesion countries, based on a large number of variables and within
the framework of the EU 2020 Strategy. This approach complements the information provided by GDP
per capita in the classification of priority territories for actions under Community Regional Policy by
incorporating a greater number of dimensions or areas of study.
To achieve these objectives, we applied Pena’s statistical method DP2 to integrate a large number
of variables expressed in different measurements and to eliminate duplicate information and arbitrary
weighting of data. Since this method also fulfils a series of mathematical properties desirable in
a synthetic indicator and enables estimation of the disparities between the territories studied, it is more
suitable than other methods of aggregation.
We calculate the indicator in 41 regions of Spain, Portugal, Ireland and Greece for 2013, based on
fifteen variables drawn from the Cohesion Reports of the EU and organized into six dimensions
proposed by the Commission in the Europe 2020 strategy. The NUTS 2 Community Territorial Statistical
Classification was used for regional allocation of Structural Funds. The results obtained allow us to
draw the following conclusions:
From a territorial perspective, the results show considerable distance between the best- and
worst-positioned regions in the classification (Tables 2 and 3), with the Autonomous City of Ceuta
ranked last. Paradoxically, Ceuta was designated a phasing-out region in the period 2007–2013 and
was thus ineligible for inclusion in the 2014–2020 Convergence Objective.
Likewise, the South Aegean (Greece) is ranked low in the classification but is included in the
group of most-developed regions. Although the Greek regions of Western Macedonia and Central
Greece obtained low values for the variables analysed, they have been defined as regions in transition
in the current period of Regional Policy.
Similarly, two regions of Portugal (Central and Northern) occupy relatively high (above-average)
positions in the ranking obtained, although they are covered by the Convergence Objective in the
programming period 2014–2020.
The most advanced regions are located in the northeast of Spain, and in the regions of the countries’
national capitals, such as the Community of Madrid (third), Southern and Eastern Ireland (fourth),
and the Metropolitan Area of Lisbon (twelfth). In Greece, in contrast, the region of Attica (Athens) is in
the middle of the classification (twenty-first) (Tables 2 and 3).
The values of the DP2 indicator reveal some general disparities among the regions analysed in
economic and social development, in line with other studies [5,15,16,25,67]. These disparities could be
taken into account in programming future Regional Policy by increasing efforts in areas with lower
values in the variables analysed.
If we examine the discriminating power of variables with the most unequal values between
regions, the variables related to the objective of smart growth established in the Europe 2020 Strategy are
the most striking. Specifically, gender differences in employment and unemployment, research results
(patents) and investment in R & D register the greatest differences in values between the regions.
Among the most discriminating is the variable “Freight transported by road by region of loading
(Tm/Km2)”, part of the sustainable growth objective.
Of the five variables that contribute most to explaining the interregional differences, three are
linked to the goal of smart growth. Promotion of research and innovation must be included as
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an essential future priority to develop these territories, especially those ranked lowest (Tables 2 and 3).
Our results align with the findings of other studies [36].
The other variables show less-significant differences between regions, with more constant values
in almost half of the variables considered. However, progress between regions is still unequal in some
dimensions relevant to economic and social development, such as Research and Development and
Competitiveness and Business Environment.
It is thus appropriate not only to include such variables in future synthetic measures of regional
development but also to take them into account in future territorial allocation of Community aid under
the Cohesion Objective.
As to the relative impact of each variable, the correction factor of the synthetic indicator of
development shows that four variables studied (Table 5) contribute especially important information
for determining and measuring progress towards the objectives of the Europe 2020 Strategy to promote
smart, sustainable and inclusive growth in countries.
The variable that correlates most closely with the synthetic indicator is “Employment rate
difference between females and males of the age group 20–64”, which provides 100% of its information
to the synthetic indicator. The next variables in order of entry are “Patent applications to the
European Patent Office (EPO) per million of active population (average 3 years)” and “Research
& Experimental Development expenditure as % of GDP”, which retain 80% and 64% of the useful
information, respectively.
With significant challenges still to be addressed in the Europe 2020 Strategy, it is necessary
to design and implement actions and measures that generate the greatest impact for more intense
reduction of the regional disparities in the EU. These areas are closely related to narrowing gender
gaps in the labour market and to promoting research and development (Tables 4 and 5). Specific
measures could be designed to improve performance on these variables in the backward areas of the
four countries in the classification (Tables 2 and 3).
To conclude, this paper proposes a way to visualize the socio-economic reality of regions at a given
time, especially following the period 2007–2013, in a context of economic crisis in which three of the
initial Cohesion countries—Spain, Portugal and Greece—registered a very negative tendency in terms
of GDP per capita relative to the EU average. Results show that unemployment is highly polarized
across the EU regions. Portugal, Spain or Greece are experiencing high rates of unemployment forming
clusters in space and time. By contrast, Germany, Austria, and nearby regions are more resilient to the
economic crisis strains thus creating spatial clusters of low rates of unemployment [68].
This study aims to contribute greater nuance to knowledge of the impact of the variables considered
in order to achieve greater economic and social development in these countries. We can continue to
compare the countries after the end of the period 2014–2020 to evaluate their evolution, as well as that
of any other countries analysed in future studies with similar objectives and regions using the same or
other methodologies—goals we share with other researchers.
Promotion of solidarity, smart and sustainable growth, and gender equality in the EU is a priority
for the future of the European integration process, which can serve as an example in these or other
respects for other areas of integration globally. We believe that monitoring is central to assessing
performance on the Lisbon Objectives, given the slow, unequal pace of progress registered by some
regions in the initial EU-member beneficiaries of the Cohesion Fund toward fulfilment of the Objectives,
as shown by our study. The results obtained point out certain reflections and assessments that are
useful to make recommendations regarding public policies. Firstly, the measurement systems of
the achievements of the least developed regions seems obsolete and of limited descriptive ability.
Nowadays, at the international scale, achievements in terms of development are not assessed only
in terms of GDP growth or job creation. As this indicator shows, the regions still dealing with
socioeconomic challenges would receive lower grants, or none at all, if only the official criteria are
taken into consideration. This paper proposes then that it is more logical to consider the evaluation of
the variables related to the dimensions that comprise the Europe 2020 Strategy. We must also keep
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in mind that the goal of Europe’s regional policy is to improve social and economic cohesion as well
as to improve the quality of life, something that cannot only be achieved by means of economic
growth. Therefore, the processes that evaluate the achievements of regional policies must be improved.
Such evaluation should not be considered a minor thing given that the continuity of important flows
of investment are dependent upon it. Moreover, said flows of investments are the means by which the
desired convergence is reached.
The analysis of the discriminant power of the variables shows that the achievements relative to
the job market cannot be evaluated only by taking into consideration the number of positions that have
been created. Aspects such as the level of education or gender equality are key to reach an inclusive and
competitive development. In relation to this, it is important to note that not every growth is sustainable
at long-term, nor offers the same benefits to local communities. The analysis of the variables shows how
important it is to support the development of education, investigation and innovation. These ideas
lead to two important implications for public policies. The first is related to an aforementioned aspect:
the necessity to enhance the achievements of regional development altogether with the evaluation
criteria associated with Europe’s regional policy. Secondly, the importance of moving towards by
means of a model of growth focused on knowledge and inclusion.
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